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AMINO ACID-DERIVED CYCUC PHOSPHONAMIDES 
AND METHODS OF SYNTHESIZING THE SAME 

BACKGROUND OF THE INVENTION 

Field of tbe Invention 

The present invention is directed towards new phosphonamide compounds and methods 
of forming those compounds via ring-closing metathesis reactions carried out in the presence of 

■ 

a ring-closing catalyst (e.g., a Grubbs catalyst), or via reacting a template structure with a 
phosphorus (HI) compound to yield complex phosphonamides^ The compounds have a number 
of uses incl\iding as inhibitors of enzymes such as HIV proteases. 

Description of the Prior Art 

Small peptides are excellent starting points for drug design because they have the 
potential to overcome the pharmacokinetic shortcomings of larger peptides, yet retain the 
deskable quality of molecular recognition. Anumber of dipeptides are curraitly bemg developed 
as novel pharmaceutical agents (see e.g., Blackburn et al., Bioorg. Med Ghent LetL, 7:823-26 
(1997); SchuUek et al.. Anal. Biochem, 246:20-29 (1997), each incorporated by reference 
herein). Unfortunately, even small peptides suffer from proteolytic instability which limits their 
use as drug candidates. 

Peptide mimics have been developed which utilize the urea moiety as a non-hydrolyzable 
linker and/or a hydrogen bond acceptor. Further modifications to cyclic ureas have led to tiie 
generation of a new sub-class of biologically active compounds. A number of cyclic HIV 
protease inhibitors have been developed that incorporate ureas, sul&mides, and other urea 
surrogates as the central linchpin. In tiiese cases, it has been shown that the H-bonding urea 
moieties may serve to replace the water molecide exclusive to tiie active site of HIV protease. 
Ring-closing metathesis (RCM) reactions have become a highly effective strategy for the 
construction of a number of unportant heterocyclic compounds (see e.g., Fu et al., J. Am. Chem. 
Soc.^ 115:9856 (1993), incorporated by reference herein) and constrained peptides (see e.g., 
MiHer et al., J. Am. Chem. Soc, 117:5855-5856 (1995); MiUer et al., J. Am. Chem Soc, 
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118:9606-9614 (1996); BlackweU et tiL,Angew. Chem.. Int. Ed, 37:3281-3284 (1998), each 
incoipoiated by lefeience hardn). 

Since its discovery as the causative agent of AIDS, considwable effort has been placed 
on understanding the biomolecular repUcative process of the human immunodeficiency virus 
(HIV), with primary focus being placed on the inhibition of a key virally encoded protease 
enzyme of ihspol gene. Many syr&sAc approaches to the inhibition of HIV protease are based 
on the synthesis of peptidomimetics w*ich replace a key scissile amide bond by a non- 
hydrolyzable transition state isostere. This strategy has been employed to synthesize a number 
of novel nonpeptidal HIV protease inhibitors. Among the more efifective peptidomimetics, the 
synthesis of cycKc ureas (see e.g., Lucca et al,. Drugs of the Future, 23:987 (1998)), cyclic 
sulfamides (see e.g., Jadhav et al.. Tetrahedron Lett., 36:6383 (1995)), 
hydroxyethylraie/hydroxyethylamine isosteres (see e.g., Thomas et al., Biorg. Med Chem. Lett., 
4:2759 (1994)) have been reported. 

Finally, phosphorus-containing conipounds have gained considerable attention due to 
their diverse biological and diemical profiles. A number of i>-heterocycles have shown potent 
biolo^cal activity and have thus become attractive targets as radonaUy designed smaU molecules 
(see e.g., Zon, Progr. Med Che., 19:205-46 (1982); Nachev, Bull Chem. Soc. Jpn, 61:3705-9 

(1988); and Stec,y. OrganophosphorusChem., 13:145-74(1982),eachincoipoiatedbyreference 
herein). 

SUMMARY OF THE INyENTION 
The present invention is broadly concemed with new phosphonamide compounds and 
methods of fmning such compounds. 

In more detail, the preferred compounds are represented by a formula selected fiom the 
group consisting of 



wo 02/14344 PCT/USOl/41606 



10 



15 



20 



25 



R^N-'^^N'^R y N NY 

R o R' ^' R,o R' 

ro2C'^^n'^"-n'^co,r ^OjC n' ""n^co^r 





X X 



R Ov R »i D« 

I \\/ R o H R 



O OPh 

R' O R x'^/ 

,P. HN NH 

ROjC N 7> ' ' 

vJ 




X X 



o OPh R O R 

HN NH ROjC N y 



30 



wo 02/14344 



PCT/USOl/41606 



R 



R' R' 



MH HN 



R 





R 



I 



R' R' 
ROjC NH HN^'^COJl 



r' r 
I 

MeOjC N N 
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, and 



each X is individually selected fiom the group consisting of oxygen, -NH, and -NOR; 

each R is individually selected from the groi^ consisting of hydrogen, brandied and 
unbranched allcyi groups (preferably C,-C,^ more preferably C,-Cg), branched 
and unbrandied alkenyl gro»q)s (preferably Cj-Cjg, more preferably Cj-Cj), 
branched and unbranched alkynjd groiqjs (preferably Cj-C jg, more preferably Q- 
Cg), aUyl gKW^ acyi gmaps (piefMably C,-C,j, more preferably C,-Cj), aryl 
groi^K (prefaably C^-Cij), 2-15 mer peptides, and baizyl groups; and 
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each R is individuaUy selected from the groiq) consisting of hydrogen, amino acid side 
chains, and 2-15 mCT peptides. 

Preferably at least one group comprises an amino acid side chain selected from the 
group consisting of 



I 

CH3 



I 

CH2 

CH, 
I 

c=o 

I , 



I 

CH, 
I 
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I 

CH3 , 

I 

CH, 
I 
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CH, . 
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CH, 
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I 

NH 
I 

C=NH 
I 

NH2 



'X/X/V 





OR 



2 , and 




^J^Aerein each R^ is mdividually selected from the group consisting of hydrogen, branched and 
unbranched alkyl groups (preferably C,-C|j, more preferably C,-Cg), branched and unbranched 
alkenyl groiq)s (preferably Cj-Cu, more preferably Cj-Q, branched and unbranched alkynyl 
groups (preferably C2-C1S, more preferably Ci-C,), allyl groi^is, aryl groups (preferably Q-C^j), 
acyl groiq)s (preferably C,-C,8, more preferably C,-Cg), and benzyl groiips. 

In a preferred embodiment, the inventive compounds comprise a formula selected &om 
the group consisting of 



wo 02/14344 



PCTAJS0iy416a6 



6 




HN NH 




Some of the inventive compounds are foimed by reacting a template phosphonamide 
compound which comprises an opened-ring structure (Le., a partially-formed ring comprising at 
least hal^ but not all of the sides necessary to form a cyclic compound) with a ring-closing 
catalyst to yield the closed-ring phosphonamide compoimd Prefared ring-closing catalysts are 
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Grubbs catalysts (see e.g., U.S. Patent Nos. 6,048,993, 5,917,071, 5,750,815, 5,710,298, 
5,342,909, and 5,3 12,940, each incorporated by reference herein) as well as those disclosed by 
the following references, each also incorporated by reference herein: Matthias, Org. Ltrs.^ 
l(6):953-56 (1999); Schrock, Macromolecules, 29(1 9):61 14-25 (1996); Zhu et al., J. Amer. 
Chem, Sac, 121(36):8251-59 (1999); Alexander et al., J. Amer Chenu Soc, 120(16):4041-42 
(1998); and Kingsbury et al.,y. Amer. Chem. Soc, 121(4):791-99 (1999), 

Particularly preferred Grubbs catalysts are those selected from the group consisting of 




Preferred template opened-ringed structures comprise an allylated phosphonamide, with 
particularly preferred template structures being those selected from the group consisting of 



MeOjC N N 




R' O H R' 
RO2C ^N^CO,R 



, and 



R^ O R 



\\/ 



RO2C N X 
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wherein: 

each X is individually selected fipom the group consisting of oxygen, -NH, and -NOR; 
each R is individually selected from the groiq> consisting of hydrogen, branched and 
unhranched alkyl groups (preferably C,-C,g, more preferably Cj-C^), branched 
5 and imbranched alkenyl groups (preferably Cj-Cig, more preferably Cj-Cg), 

branched and unhranched alkynyl groiqis (preferably C2-C|8, more preferably Cj- 
Cg), allyl groups, acyl groups (preferably C,-C,g, more preferably C,-Cg), aryl 
groups (preferably C5-C12), 2-15 mer peptides, and benzyl groups; and 
each R^ is individually selected from the group consisting of hydrogen, amino arid side 
10 chains, and 2-15 merpeptides. 

Preferred closed-ring phosphonamide compounds formed by this inventive method are 
those selected from the group consisting of 
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wherem: 

each X is individually selected from the group consisting of oxygen, -NH, and -NOR; 
each R is individually selected from the group consisting of hydrogen, branched and 
unbranched alkyi groups (preferably Cj-Cig, more preferably CpC^, branched 
and unbranched alkenyl groups (preferably C2-Ci8> ^^^^ preferably Cj-Cg), 
branched and unbranched alkynyl groups (preferably C2-C18, more preferably Cj- 
Cg), allyl groups, acyl ffojxps (preferably C,-C,8, more preferably Cj-Cj), aryi 
gro\q)S (preferably Cg-C,2), 2-15 mer peptides, and b^izyl groups; and 
each is individually selected from the group consisting of hydrogen, amino acid side . 

chains, and 2-15 mer peptides. 
Preferably the reacting step is carried out at a temperature of from about 1 5-80*^0, and 
more preferably from about 30-55^C. Furthermore, the reacting step should be carried out in a 
solvent system comprising a solvent selected from the group consisting of toluene, benzene, 
chlorobenzene, dichlorobenzene, methylene chloride, dimethoxyethane (DME), and mixtures 
thereof Preparing the phosphonamide compounds according to the inventive methods should 
result in a yield of those compounds of at least about 80%, and preferably at least about 95%, 
wherein the theoretical yield is taken as 100%. 

In another embodiment, the sterically demanding inventive compoimds can be prepared 
with relative ease by providing a template compound comprising two secondary amines bonded 
to an dlkyl chain with the nitrogen atoms of the respective amines being separated by at least two 
carbon atoms, and preferably at least four carbon atoms, on the alkyl chain. The template 
compound is then reacted with a phosphorus (JH) compound under conditions to cause the 
phosphorus atom thereof to bond with each of die amine nitrogen atoms, thus forming a cyclic 
phosphonamide. 

Preferred phosphorus (IE) compounds have the formula R^P Yj, wherein: 
R^ is selected from the group consisting of hydrogen, branched and unbranched alkyl 
groups (preferably C|-Ci8, more preferably Cj-Cg), branched and unbranched 
alkenyl groins (preferably Cj-Cig, more preferably C^-C^^ branched and 
unbranched alkynyl groups (preferably Cj-C,,, more preferably Cj-Cg)* ^yl 
grotqis, acyl groins (preferably Ci-C,g, more preferably C,-Cg), aryl groups 
(preferably ^-0,2), and benzyl groups; and 



wo 02/14344 



PCT/USOl/41606 



10 



each Y is individually selected bom the group consisting of the halogens. 
Even more preferably, the phosphorus (m) compound comprises the formula PhPClj. 

Preferred templates have a general formula selected from the gcoixp consisting of 



/\ 




R^p HN^R V^^NH HN , 

s 

,and X X 



whCTeim 

each X is individually selected from the group consisting of oxygen, -NH, and -NOR; 

each R is individually selected from the group consisting of 2-1 5 mer peptides, hydrogen, 
branched and unbranched alkyl groups (preferably Cj-Cig, more preferably Cj- 
Cg), branched and unbranched alkenyl groups (preferably Cj-Cjg, more preferably 
Cj-Cg), branched and unbranched alkynyl groups (preferably Cj-Cjg, more 
preferably Cj-Cg), allyl groups, acyl groups (preferably Cj-C,g, more preferably 
Cj-Cg), aryl groi5>s (preferably Q-C,2), and benzyl groiq)s; and 

each R^ is individually selected from the group consisting of hydrogen, amino acid side 
chains, and 2-15 mer peptides. 

Preferred cyclic phosphonamides formed according to this method include those selected 
from the group consisting of 
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R O 



R 



R 



R 



RO2C 




R 



CO2R 



,and 



RO2C 




COjR 



X X 



each X is individually selected from the group consisting of oxygen, -NH, and -NOR; 
each R is individually selected from the group consisting of hydrogen, branched and 
unbranched alkyl groups (preferably C,-Cig, more preferably CpCg), branched 
and unbranched alkenyl groups (preferably Cj-Cjj, more preferably C2'C^y 
branched and unbranched alkynyl groups (preferably Cj-Cis, more preferably Cj- 
Cg), allyl groups, acyl groups (preferably C,-C,8, more preferably Ci-Cg), aryl 
groups (preferably Q-C12), 2-15 mer peptides, and ben2yl groups; and 
each R^ is individually selected from the group consisting of hydrogen, anuno acid side 

chains, and 2-15 mer peptides. 
Preferably the reacting step is carried out at a temperature of from about -l6-25°C, and 
more preferably from about -10-0**C. Furthermore, the reacting step should be carried out in a 
solyent system comprising a solvit selected from the group consisting of methylene chloride, 
acetonitxile, diethyl ether, and mixtures thereof. Preparing the phosphonamide compounds 
according to this embodiment of the inventive methods should result in a yield of those 
compounds of at least about 80%, and preferably at least about 95%, wherein tiie theoretical yield 
is tak^ as 100%. 

It will be appreciated that the inventive methods allow for the synthesis of a wide array 
of both symmetric and unsymmetric cyclic phosphonamide compounds. Furdiennore, the 
inventive methods allow for preparation o^ or selection o^ templates having particular functional 
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groups bonded thereto which are then readily fonned into the desired phosphonamide in a 
controlled and repeatable manner. Because the method can be ad^ted to form phosphonamide 
compounds comprising one or more amino acid side chains or peptides bonded thereto, the 
inventive compounds can be used to inhibit enzymes such as HIV protease. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

EXAMPLES 

The following examples set forth preferred methods in accordance witii the invention. 
It is to be understood, however, that these examples are provided by way of ilhistration and 
nothing therein should be taken as a Hmitation upon the overall scope of the invention. 

A number of abbreviations are used herem. These abbreviations and the term or terms 
that they represent are set forth in Table A. 



Table A 



Abbreviation 


Term(s) 


hex 


hexane 


Bn 


benzyl 


Ph 


phen^ 


Me 


methyl 


Et 


ethyl 


EtOAc 


ethyl acetate 


EtjN 


trieth;^ anune 
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Grubbs Catalysts were used in some of the following Exanq)les. These catalysts a 
refened to as follows: 



PCyj 



CI 



PCy3 
CI I 

PCyj 



Ph 

< 

Ph 



Grubbs Catalyst 1 Grubbs Catatlyst 2 




Grubbs Catalyst 3 



EXAMPLE 1 

Scheme A dq)icts the general overall reaction scheme followed in Parts I-V below. 



Scheme A 





MeOjC NH HN COjKfc 
B,N COiMe ^i2a— }=^o ^ I3a 

11 12 




NH HN ^ r NH HN 




BnO C ^ OBn 



13 



14 
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In this and the following procedure descriptions, the numbCT/letter abbreviation depicted 
in the particular reaction scheme follows the chemical name of the particular compound (e.g., 
"(11)" follows "valine methjd estes"). 

/. Preparation of Valine-Derived Diamide (12a) 

A solution of valine methyl ester (11) (3.80 g, 28.9 mmol), E^N (5.24 mL, 37.7 mmol), 
and dimethyl formamide (DMF) (30 mL) was cooled in a -lO^C (NaCl saturated) ice bath. 
Fumaryl Chloride (1.42 mL, 13.2 mmol) was added drop-wise over a 1.5 hour period. After 
addition was complete, the reaction was wanned to room teDq)aature and stirred for 1 5 minutes. 
The resulting slurry was portioned between EtOAc (100 mL) and "srater (100 mL). The water 
layer was extracted twice with EtOAc (30 mL), and tiie combined organic layers were dried 
(Na2S04) and concentrated under reduced pressure. The resulting vMts solid was dissolved in 
minimal, hot CH2CI2, and crystallized from hexanes to afford 4.43 g (98%) of (12a) as white 
crystals, [o]^ = +8.3 (c = 0.47, CHCI3); FITR (neat) 1740, 1637, 1540, 1436, 1355 cm "; 'H 
NMR(400 MHz, CDCI3) 5 7.06 (s, 2H), 7.05 (d,y= 10.3 Hz, 2H), 4.69 (dd,y= 9,0, 5.3 Hz, 2H), 
3.74 (s, 6H), 2.20 (m, 2H), 0.94 (d, J = 6.9 Hz, 6H), 0.91 (d, J= 6.9 Hz, 6H); "C NMR (100 
MHz,CDCl3)6 172.44, 164.24, 133.25,57.34,52.26,31.29, 18.92, 17.84; HRMS calculated for 
C,4H„N20e(M+H)* required 343.1869, found 343.1840. 

R Preparation of Valine-Derived Diamide (12) 

Compound (12a) (970 mg, 3.8 mmol) was dissolved in CHjClj (50 mL) in a 1 00 mL flask 
undo- argon atmosphae. Next, 10% palladium on charcoal (Pd/C, 440 mg) was added to the 
solution and hydrogen gas was purged over the reaction mixture for 5 minutes. The solution was 
then stirred at room temperature under 1 atm of hydrogen gas for 30 minutes. Filtration of the 
solution over a pad of Celite followed by concentration thereof yielded 973 mg (99%) of (12) as 
white crystals, [aj^ +13.0, (c = 0.83; CHCI3); FTIR (neat) 1748, 1641, 1436, 1374 cm *; »H 
NMR (400 MHz, CDCI3) 6 6.53 (d,y= 8.6 Hz, 2H), 4.50 (dd, J= 8.7, 5.1 Hz, 2H), 3.70 (s, 6H). 
2.67-2.49 (m, 4H), 2.16-2.07 (m, 2H), 0.90 (d, 7 = 6.9 Hz, 6H), 0.87 (d, J= 6.9 Hz, 6H); "C 
NMR (100 MHz, CDClj) 5 172.42, 172.01. 57.16, 52.03, 31.46, 31.05, 18.89, 17.76; HRMS 
calculated for Cj^Hj^ACM+H)* required 345.2026, found 34.2042. 
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m. Preparation of VaUne-Derived Dial (13a) 

NaBH4 (669 mg, 1 7.6 mmol) was added at room temperature to a solution of compoimd 
(12) (1 ,2 1 g, 3 .5 mmol) and tetrahydrofuran (THF) (17 ml), and the reaction vessel was equipped 
witti a condenser and heated to 55 ^'C. MeOH was added drop-wise over a 20 minute period, and 
the reaction was monitored by TLC. The reaction mixture was cooled to room temperature and 
quenched slowly with a minimal amount of distilled water. The reaction slurry was then 
subjected to flash chromatography (10% MeOH m EtOAc) to afford 954 mg (95%) of (13a) as 
white crystals, [a]^ = -18.2 (c = 0.49, 1:1 CHjCNcHjO); FDR (neat) 1635, 1543, 1457, 1418 
cm \ 'H NMR (400 MHz, CDCI3) 5 6.63 (d, 7 = 8.9 Hz, 2H), 3.99 (s, 2H), 3.76-3.67 (m, 4H), 
3.50 (dd,y= 10.9, 7.8 Hz, 2H), 2.71 (d, J= 9.8 Hz, 2H), 2.49 (d, J= 9.9 Hz, 2H), 1.82-1.74 (m, 
2H), 0.93 (d, J= 6.8 Hz, 6H), 0.91 (d, 7= 6.8 Hz, 6H); "C NMR (100 MHz, CDCI3) 5 173.63, 
63.29, 57.06, 32.27, 29.30, 19.48, 18.79; HRMS calculated for C^Ha^A (M+H)^ required 
289.2127, found 289.2152. 

IV, Preparation of Valine-Derived Bis-Benzyl Ether (13) 

A solution of compound (13a) (20 mg, O.O7 mmol) and DMF (150 jil) was cooled in a 
0*^0 ice bath. NaH (8.4 mg, 0.22 mmol) was added, and the reaction was warmed to room 
tempemture. After gas evolution was complete, the reaction was recooled in a 0°C ice bath, and 
benzyl bromide (1 8.4 fil, 0. 1 6 mmol) was added. The reaction was wanned to room temperature 
and allowed to stir for 10 minutes. The slurry was partitioned between EtOAc (2 mL) and water 
(2 mL), the layers were separated, and the aqueous layer was reextracted twice with 2 mL of 
EtOAc. The organic layers were combined, washed once with brine, dried (Na2S04), and 
concentrated imder reduced pressure. Flash chromatography (1:1 Hexanes/EtOAc, then 10% 
MeOH in EtOAc) afforded 31 mg (95%) of (13) as white crystals, [a]^ - -57.7 (c = 0.052, 
CHCI3); Fim (neat) 1629, 1540, 1465, 1437, 1387, 1357, 737, 694 cm"^; *H NMR (400 MHz, 
CDCI3) 6 7.37-727 (m, lOH), 6.06 (d, J= 9.3 Hz, 2H), 4.50 (d, J= 12.0 Hz, 2H), 4.45 (d, J= 
12.0 Hz, 2H), 3.87-3.82 (m, 2H), 3.55 (dd, J= 9.7, 4.0 Hz, 2H), 3.40 (dd, J- 9.7, 4.2 Hz, 2H), 
2.59-2.42 (m, 4H), 1.95-1,86 (m, 2H), 0.90 (d, J= 7.0 Hz, 6H), 0.88 (d, J = 7.0 Hz, 6H); "C 
NMR(100MHz, CDCI3) 8 171.74, 138.14, 128.39, 127.61, 127.65, 73.16, 70.03, 54.11, 32.04, 
2926, 19.49, 18.85; HRMS calculated for C^;^j:y^ (M+H)* required 469.3066, found 
469.3076. 
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V. Preparation of Valine-Derived Diamine (14) 

lithium aluminum hydride (LAH) (316 mg, 83 mmol) was added to a solution of 
compound (13) (193 mg, 0.42 mmol) and dioxane (2 mL) at room temperature. The flask was 
equipped with a condenser and heated to reflux for 3 hours. The reaction was cooled to room 
5 temperature and quenched over a 30-mmute period with water and Glauber's salt (Na2S04- 1 0 
HjO). The reaction mixture was stirred for an additional 30 minutes and filtered over a pad of 
CeUte (EtOAc). The solution was concentrated and subjected to flash chromatography (SiOj, 
10% MeOH in EtOAc) to afford 164 mg (91%) of (14) as a colorless oil, [a]^ = +5.8 (c = 1.36, 
CHCl3);FnR(neat) 1466, 1383, 1364,735,697 cm-*; *HNMR (400 MHz, CDCl3)S 7.36-7.26 
10 (m. lOH), 4.51 (s, 6H), 3.50 (dd, J= 9.4, 4.4 Hz, 2H), 3,77 (dd, J= 9.4, 6.8 Hz, 2H), 2.62-2.56 
(m,4H),2.53(dt, J=6.6,4.7Hz,2H), 1.54-1.47 (m,4H), 1.23 (bs,2H), 0.91 (d,J=6.9H2,6H), 
0.89 (d, 7= 6.9 Hz, 6H); NMR (100 MHz, CDCI3) 5 138.45, 128.27, 127.54, 127.45, 73.14, 
70.33, 62.62, 48.00, 28.86, 28.36, 18.91, 18.25; HRMS calculated for C^^^Jdt (M+H)* 
required 441.3481, found 441.3504. 

15 

EXAMPLE2 

Scheme B depicts the reaction scheme of this example upon attempting to form a valine- 
derived cyclic phosphonamide (1). 

20 Scheme B 



25 




30 A solution of compound (14) (6.5 mg, 0.048 mmol) and CHjClj (100 jd) was cooled in 

a 0°C ice bath, and EtjN (23 jd, 0.17 mmol) was slowly added. Dichlorophenjdphosphine (6.5 
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Hl, 48.0 \uool) was dissolved in CHjClj (100 and added drop-wise over 1 minute. The 

reaction was wanned to room temperature for 5 minutes, tbsa recooled in a 0 °C ice bath. Next, 

m-chloropCTbenzoic add (mCPBA) (17.7 mg, 0.072 mmol) was added to the salt slurry. After 

wanning to room temperature, the reaction was concentrated under reduced pressure, and the 

5 slurry was subjected to flash chromatography (EtOAc) to afford 18.5 mg (75%) of (1) as a 

colorless oU. [a]^* = -54.1 (c = 0.15, CHCI3); FITR (neat) 1468, 1453, 1384, 1362, 1207 (P=0), 

725. 698 cm '; 'H NMR (400 MHz, CDCI3) 8 7.92-7.69 (m. 2H), 7.41-724 (m, 13H). 4.61 (d, 

J= 1 1.8 Hz, IH), 437, (d, J = 13.0 Hz, IH), 4.36 (s, 2H), 3.77-3.67 (m, 2H), 3.66-3.58 (m, IH), 

3.53 (dd, J= 10.0, 7.0 Hz, IH), 3.47-3.38 (m, 2H), 3.34-3.17 (m, 3H), 2.92 (dddd, 14.2 Hz, 

10 Jhp= 10.4 Hz, /hh= 7.0, 3.2 Hz, IH), 1.98-1.87 (m,2H), 1.78-1.54 (m,4H), 1.01 (d, J=6.7Hz, 

3H), 0.80 (d, J= 6.5 Hz, 3H). 0.80 (d, J= 6.5 Hz, 3H), 0.44 (d, 7= 6.7 Hz, 3H); "C NMR (100 

MHz, CDCI3) d 138.70, 138.39, 133.71 (d, Jq, = 145.7 Hz), 130.64 (d, = 2.8 Hz), 128.27, 

128.14, 127.73, 127.68, 127.60, 127.55, 127.51, 127.27, 73.09, 72.76, 71.57, 71.52, 62.46 (d, Ji, 

= 7.0 Hz). 61.44 (d, Ji, = 6.4 Hz), 42.23. 42.45, 29.32, 28.36, 27.14, 27.09, 21 .42, 21 .09. 20.37, 

15 2026;''PNMR(162MHz,CDCl3)529.05;HRMScalculatedforC3<H«N2O3P(M4^H)*reqm^ 
563.3403, found 563.3417. 

EXAMPLE 3 

Scheme C depicts the reaction scheme followed in Parts I-m of this example. 

20 

Scheme C 



25 



30 




2 



V 
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/. Preparation of Phenylalanine-Derived Diamide (16a) 

NJ^-dimcihyl phenylalanine (15) (1.19 g, 62 mmol), EtsN (1^ ml, 93 mmol), and 1,4- 
diamino butane (303 fil, 3.0 mmol) were dissolved in CH3CN (50 mL). 0-benzotriole- 
NJ^ JT-tetramethyl-iironium-hexafluoro-pto^ (HBTU) was added, and the reaction 
mixture was stirred at room temperature for 30 minutes, and then concentrated undCT reduced 
pressure. The mixture was vacuum filtered (EtOAc), further concentrated under reduced 
pressure, and subjected to flash chromatography (EtOAc, then 10% Et3N in EtOAc) to afford 
1 .06 g (80%, non-optunized) of (16a) as v^*ite crystals, [a]^ = -105.7 (c = 0. 19, CHCI3); FTIR 
(neat) 1649, 1455, 1384, 748, 700 cm^^; *HNMR(400 MHz, CDCI3) 5 7.19-7.16 (m, 8H), 6.89 
(t,/= 5.7 Hz, 2H), 6.40 (s, IH), 5.90 (s, IH), 3.13-3.04 (m, 6H), 3.12 (dd, J= 1Z7, 5.3 Hz, 2H), 
2.79 (dd, y = 13.4, 5.1 Hz, 2H), 2.23 (s, 12H), 1.24 (s, 4H); ^^C NMR (100 MHz, CDCI3) 8 
171.68, 139.44, 128.88, 127.91, 125.69, 70.61, 41.91, 38.25, 32.84, 26.52; HRMScalculatedfor 
C25H3c^402(M+H)^ required 439J073, found 439.3074. 

R Preparation of Phenylalanine-Derived Diamine (16) 

LAH (304 mg, 8.0 mmol) was added to a solution of compound (16a) (433 mg, 0.99 
mmol) and dioxane (5 mL) at room temperature. The flask was equipped with a condense and 
heated to reflux for 3 hoiirs. The reaction was cooled to room temperature and quenched over 
a 30 minute period with water and Glauber's salt (Na2S04* 10 HjO). The reaction mixture was 
stirred for an additional 30 minutes, and filtered over apad of Celite (CHjClj). The CHjClj was 
washed with brine, dried (Na2S04), and concentrated und^ reduced pressure to afford 338 mg 
(83%, non-optimized) of (16) as a colorless oU. [a]^ = +18.8 (c = 2.43, CHCI3); FTIR (neat) 
1495, 1454, 1373, 740, 699 cm *; *H NMR (400 MHz, CDCI3) S 7.25-721 (m, 4H), 7.15-7.10 
(m,6H), 2.92-2.82 (m,4H), 2.52-2.42 (m,6H), 2.28 (s, 12H), 1.44-1.40 (m,4H); "CNMR(100 
MHz,CDCl3)5 140.02, 128.94, 128.23, 125.71,64.84, 49.50, 49.46, 40.05,31.40,27.63;HRMS 
calculated for C26H43N4 (M+H)* required 41 1.3488, found 411.3495. 

m. Preparation of Phenylalanine-Derived Cyclic Phosphonamide (2) 

A solution of compound (16) (47 mg, 0.12 mmol) and CHjClj (500 \d) was cooled m a 
0 ° C ice bath, and Etjt^ (66 ^, 0 .48 mmol) was added, and the mixture was stirred for 5 minutes . 
Dichlorophenylphosphine (19 ^1, 0.14 mmol) was added, and the reaction was warmed briefly 
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to room temperature, and thai recooled in a 0**C ice bath. Next, mCPBA (35 mg, 0.21 mmol) 
was added in one portion to the salt shmy. After warming to room temperature, the reaction was 
concraitiated under reduced pressure and the shmy was subjected to flash chromatogR^hy (10% 
EtjN in EtOAc, Aen 20% EtjN in CH3CN) to afford 48 mg (68%, non-optimized) of (2) as a 
colorless oU. [a]^ = +1 8.5 (c = 0.054, CHCI3); FTIR(neat) 1453, 1437, 1378, 1201 (P=0), 737, 
698 cm '; 'HNMR(400 MHz, CDCIj) 5 7.83-7.78 (m, 2H), 7.52-6.96 (m, 13H), 33-2.92 (m, 
6H), 2.84-2.55 (m, 5H), 2.35-2.27 (m, 3H), 2.18 (s, 6H). 2.06 (s, 6H), 1.81-1.48 (m. 4H); 
NMR (100 MHz. CDCI3) 8 140.93, 140.85, 132.37 (d, = 8.5 Hz), 130.64, 129.59 (d, Jq, = 
212.0 Hz), 128,99, 128.85, 128.25. 128.11, 127.79 (d, « 13.3 Hz), 125.61, 125.50, 65.25, 
65.21, 64.79,64.79, 64.76, 47.08,46.94, 40.34. 40.29, 33.00, 32.36, 28 J9, 28.02; ''PNMR(162 
MHz, CDOj) 6 29.14; HRMS calculated for C32H4^^0P (M+H)* required 533.3409, found 
533.3427. 

EXAMPLE 4 

Scheme D depicts the reaction scheme followed in Parts I-in of this example. 
Scheme D 
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L Preparation ofLeucine-Derived Phthalic Diamide (1 7a) (as a mixture ofroteuners 

A solution of allylated leucine methjd ester (8) (308 mg, 1.67 mmol), 
4-dimethylammopyridine (DMAP) (20 mg, 0.17 mmol), EtjN (405 ^il, 2.91 mmol) and CHjCl^ 
(7 mL) was cooled ina 0°C ice bath. Phlhaloyl dichloride (120 jil, 0.83 mmol) was added drop- 
wise, and the shmy was wanned to room temperature. After 30 minutes, the reaction was 
partitioned between EtOAc (10 mL) and H2O (10 mL). and the water layw was extracted twice 
with EtOAc (5 mL). The organic layers were combined, washed with brine, dried (Na^SOJ, and 
concentiatedundCTreducedpressure. Flash chromatography (2:1 Hexanes/EtOAc) afforded both 
a single spot (TLC) and a single peak (GC, 97%) of 398 mg (96%) of (17a) as a mixture of 
rotamers. [o]^=-64.8 (c = 0.66. CHCI3); FTIR(neat) 1743, 1647, 1456, 1436, 1410, 754 cm '; 
•H NMR (400 MHz, CDCI3) 5 7.40-7.32 (m, 4H), 5.93-5.79 (m, 2H), 5.23-5.10 (m, 4H), 4.32 
(bs, 2H), 3.97-3.87 (m, 2H), 3.78-3.68 (m, 8H), 2. 1 1-1 .60 (m, 6H), 0.96-0.70 (m, 12H); "C NMR 
(100 MHz, CDCI3) 5 171.97. 170.75. 136.44, 135.21, 129.07, 126.80, 117.83, 56.78, 52.10, 
46.86, 38.74, 25.79, 23. 1 8, 22.99; HRMS calculated for CaH4,NA (M+H)^ required 501 .2965, 
found 501.2971. 

n. Preparation of Leucine-Derived Bicyclic Diamide (1 7) 

A solution of compound (17a) (70 mg, 0.14 mmol) and CHzClj (14 mL) was purged with 
argon gas for 5 minutes. The solution was brought to reflux and Qrubbs catalyst (18 mg, 21 .9 
junol) was added in fluee 6 mg portions over a 24-hour period. Aftw 36 hours, flie reaction was 
CQnceolrated under reduced pressure and subjected to flash chromatography (1:1 Hex- 
anes/EtOAc) to afford 64 mg (97%) of (17) as a colorless oU. [a]^ = -43.6 (c = 0.51, CHCI3); 
FERCneat) 1741, 1650, 1430, 1412, 1367, 133 1. 756 cm'; 'H NMR (400 MHz, CDCI3) 5 7.46- 
7.44 (m,2H), 7.39-7.37 (m, IH), 7.3 1-728 (m, lH),5.85(s, lH),5.75(s, IH), 5.09 (S..1H), 4.35 
(s, IH), 4.09-4.01 (m, IH), 3.96 (dd,7= 152, 6.0 Hz. IH), 3.75 (s, 3H), 3.75 (s, 3H), 3.70-3.57 
(m.2H), 220-2.13 (m, IH), 1.98-1.86(m, IH), 1.75-1.61 (m,4H). 1.00-0.96(m, 12H); '^CNMR 
(100 MHz, CDCI3) 5 17225, 171.75, 169.93, 169.47, 134.62, 134.49. 131.59, 129J4, 129,42. 
129.24. 127.44, 126.73. 56.92, 56.02, 52.18, 52.18, 45.66. 42.83, 39.27, 38.37. 25.36. 25.11, 
22.76. 22.64, 22.30, 22. 1 8; HRMS calculated for CyHjjN A (M+H)* required 473.2652, found 
473.2646. 
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UL Preparation of Leudne-Derived Diamine (18) 

In a scalable pyrex test tube, compound (17) (1 00 mg, 0.21 mmol) was dissolved in HQ 
saturated MeOH (3 mL), capped, and heated in a 1 15 "C oU bath. After 72 hours, the reaction 
mixture was cooled to room temperature and then concentrated under reduced i»essure. EtOAc 
(2 mL) was added, and the reaction mixture was cooled in a O'C ice batL EtjN (1 mL) was 
added, and the reaction mixture was slowly warmed to room temperature and stirred for 1 hour. 
The reaction mixture was conc«itrated under reduced pressure and subjected to flash 
chromatography (1 : 1 Hexanes/EtOAc) to afford 24 mg (36%) of (18) as a colorless oU. [a]" = 
+12.0, (c = 0.05, CHClj); FTIR(neat) 1737, 1468, 1433, 1368 cm*; 'HNMR (400 MHz, CDCI3) 
5 5.56 (dd, J=4.5. 4.5 Hz, 2H), 3.72 (s, 6H), 3.29-3.21 (m, 4H), 3.09 (dd, J= 13.2, 4.8 Hz, 2H), 
1.76-1.66 (m, 2H), 1.54 (bs, 2H), 1.47-1.43 (m, 4H), 0.92 (d, J= 6.6 Hz, 6H), 0.89 (d, J= 6.6 
Hz, 6H); »C NMR (100 MHz, CDCI3) 5 176.44, 130.17. 5934, 51.60, 44.62, 42.85, 24.90, 
22.66, 22.35; HRMS calculated for CjjHajNjO^ (M+H)* required 343.2597, found 343J2619. 

IV. Preparation of Leucine-derived cyclic phosphonandde (3) 

Compound (18) (10.5 mg, 30.7 jmiol), CHjClj (1 mL), EtjN (20 |il, 0.14 mmol), 
dichlorophenylphosphine (54 jil, 39.9 jmiol) and mCPBA (12 mg, 0.05 mmol) afforded a sluny 
that was subjected to flash chromatography (EtOAc) to yield 12.3 mg (86%) of a colorless oil. 
[a]" = +108.3 (c = 0.072, CHCI3); FIIR (neat) 1731, 1430, 1388, 1368, 1204 (P=0), 748, 702 
cm '; 'H NMR (400 MHz, CDCI3) 5 7.86 (dd, /hp = 12. 1 Hz, Jhh = 6-8 Hz, 2H), 7.55-7.50 (m. 
IH), 7.47-7.43 (m, 2H), 5.75-5.64 (m, 2H), 4.18 (ddd, J= 9.1, 6.3, 6.3 Hz, IH), 4.08 (ddd, Jhp 
= 13.3 Hz,yHH= 5.8, 5.8 Hz, IH). 4.02-3.81 (m, 3H), 3.76-3.70 (m, IH), 3.68 (s, 3H), 3.46 (s, 
3H), 1.78-1.66 (m,2H), 1.65-1 .57 (m,2H), 1.55(ddd,y= 14.3, 7.2, 7 J2 Hz, IH), 1.40(ddd, J= 
13.9, 63, 6.3 Hz, IH), 0:90 (d, J= 6.4 Hz, 3H), 0.86 (d, 7= 6.6 Hz, 3H), 0.73 (d, y = 6.6 Hz, 
3H), 0.68 (d, /= 6.6 Hz, 3H); "C NMR (100 MHz, CDCI3) 5 173.49, 173.16, 132.71 (d, = 
9.0 Hz), 131.81, 131.78, 1292 (d,y„= 181.1 Hz), 128.23 (d.^.= 13.4 Hz), 12822, 56.43 (d, 
Ja = 7.0 Hz), 55.80 (d, Jq. = 6.0 Hz), 51.88, 51.46, 41.37 (d, JJ, = 2.8 Hz), 40.53 (d, JJ, = 2.8 
Hz), 39.47, 39.15 (d, Jcp = 4.9 Hz), 24.62, 24.42. 22.97, 22.61. 22.30. 21.96; NMR (162 
MHz, CDCI3) 8 29.56; HRMS calculated for Cj^HjgNAP (M+H)* required 4652518. found 
4652521. 
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EXAMPLES 



Scheme £ depicts the reaction scheme followed in this example to prepare valine-4eiived 
phosphonamidic dichloridate (10). 



A solution of POCI3 (1.14 g, 7.45 mmol) and CH2CI2 (7.5 mL) was cooled in a 0°C ice 
batL Next, EtjN (2.26 g, 22.35 mmol) and DMAP (46 mg, 0.37 mmol) were added slowly, and 
the solution was wanned to room temperature and stirred for 15 minutes. Allylated valine methyl 
ester (9) (1.40 g, 8.19 mmol) was added, and the reaction was brought to reflux and stined 
overnight The reaction was concentrated under reduced pressure and partitioned between 
EtOAc (25 mL) and water (25 mL). The layers were separated, and Ae aqueous layer was 
washed with EtOAc (3x5 mL). The organic layers were combined, washed with brine, dried 
(NB2SO4X and further concentrated under reduced pressure. Flash chromatography (10:1 
Hexanes/EtOAc)afiFordedl.61 g (75%) of(lO) as a colorless oU. [a]^= -44.9 (c= 0.55, CHCI3); 



FnR(neat) 1745, 1437, 1373, 1276 (P=0)cm'\ NMR (400 MHz, CDCl3)S 5.86 (dddd,J= 
16.8, 10.1, 6.6, 6.6 Hz, IH), 5.26 (dd,^= 17.0, 0,8 Hz, IH), 5.20 (d, J= 10.1 Hz, IH), 3.99-3.75 
(m, 2H), 3.96 (dd, = 18.0 Hz, = 10.6 Hz, IH), 3.71 (s, 3H), 2.39-2.27 (m, IH), 0.98 (d, 
J= 6.6 Hz, 3H), 0.95 (d, J = 6.6 Hz, 3H); ^'C NMR (100 MHz, CDCI3) 5 170.48 (d, J^y = 3.1 
Hz), 132.48 (d, = 2,5 Hz), 119.63, 65.73 (d, = 2.1 Hz), 51.96, 48.44 (d, Jcp = 4.6 Hz), 
27.70 (d, = 4.2 Hz), 19.70, 19.60; NMR (162 MHz, CDCI3) 5 19.57; HRMS calculated 
fat CsflnCysrOaP (M+H)* reqmred 288.0323, found 288.0337. 



Scheme E 
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EXAMPLE6 

Scheme F depicts the reaction schemes followed in Parts I-IV of this exa 



iiiit 



le. 



Scheme F 



McQC 




10 



o^ a 

MeOfi N NH 





Ite 



o o 



\\/ ^^'^^^ 




10b 



o^ a 

\\/ 



N 



NH 



U 



11 



^ Mccy: N o 



/. Preparation of Valine-Derived Acyclic Phosphonamidic CUoridate (10a) 

A solution of compound (10) (499 mg, 1 .73 mmol) and CH^Clj (3.5 mL) was cooled in 
a 6°C ice bath. Next, EtjN (526 mg, 5.20 mmol) and DMAP (21 0.17 mmol) were added 
slowly, and the solution was wanned to room t^peratuie, stined for 15 minutes, then cooled 
in a -78°C acetone/C02(s) bath. Allyl amine (99 mg, 1.73 mmol) was added drop-wise, and the 
reaction slowly wanned to room temperature over the course of 12 hours. The crude reaction 
mixture was partitioned between CH^Clz (25 mL) and watar (25 mL), the layers were sqjarated, 
and the aqueous layra- was washed with CaHjClj (3x5 mL). The organic layas were combine4 
washed with brine, dried ^82804), and concenteated undo: reduced pressure. Fladi chromatog- 
raphy (4:1 Hexanes/EtOAc, Iheai 2:1 Hexanes^Ac) afforded 144 mg (27%) of (10a) as a 
mixture of inseparable diastereomeis {ds = 3.8:1.0 as determined by ^'P NMR) as a yellow oil. 
FUR (neat) 1740, 1435. 1371, 123 1 (P=0) cm '; 'H NMR (400 MHz, CDCI3) 8 5.94-5.80 (m. 
4H), 5.25-5.12 (m, 8H), 4.02-3.73 (m, 5H). 3.70 (s, 3H), 3.69 (s, 3H), 3.67-3.59 (m, 7H), 2.32- 
2.20 (m, 2H), 1.01 (d, J = 6.6 Hz, 3H), 1.00 (d, J= 6 A Hz, 3H), 0.93 (d, /= 6.5 Hz, 3H), 0.92 
(d, /= 6.5 Hz. 3H); "^C JMR (100 MHz, CDCI3) 8 171.93, 171.91, 134.86, 134,86, 134.77, 
134.77, 118.15, 118.15, 116.55, 116.50,64.91 (d, Jcp = 3.3 Hz), 64.67 (d,Ji, = 3.0 Hz), 51.80. 
51.70, 47.53 (d, Jcf = 3.6 Hz), 47.27 (d, = 3.7 Hz), 43.79, 43.73, 27.52 (d, = 5.1 Hz), 



t 
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27^6(d, Jcp=2.9Hz), 19.85, 19.76, 19.71, 19.43; ^'PNMR (162 MHz, CDCy 5 25.44, 25.05; 
HRMS calculated for CuHjjCINjOjP (M+H)* required 309.1 135, found 309.1 125. 

n. Preparation of Cyclic Phosphonamidic Chloridate (11) Diastereomers 

A solution of compound (10a) (105 mg, 034 mmol) and CH^Clj (12 mL) was purged 
with argon for 1 0 minutes. Giubbs Catalyst 1 (8 mg, 1 0 jmiol) was added, and the solution was 
brought to reflux and monitored by TLC. The reaction was concentiated under reduced pressure 
and subjected to flash chromatography (3:1 Hexanes/EtOAc, tiien2: 1 Hexanes^tOAc) to afford 
36 mg (38%) of one diastereomer (11a) and 14 mg (15%) of die otiier diastereomer (lib), both 
as white solids. 

Characterization of the single diastereomer (11a) was as follows: mp 87-88 "C; Rf = 0.46 
(l:2Hexanes/EtOAc);[a]^ =-87.6(0= 0.45, CHCl3);FTIR(neat) 1737, 1450, 1436, 1370, 1249 
(P=0) cm-*; 'HNMR (400 MHz, CDCI3) 5 5.75-5.71 (m. IH), 5.61-5.57 (m, IH), 4.01-3.73 (m, 
3H),3.99(dd, Jhh= 10.1 Hz,yHP= 10.1 Hz, 1H),3.71 (s, 3m, 3.68-3.42 (m,2H), 2.12-2.03 (m, 
IH), 1.00 (d, J= 6.7 Hz, 3H), 0.92 (d, J= 6.6 Hz. 3H); "C NMR (100 MHz, CDCI3) 5 171.75, 
128.20, 127.19. 64.24 (d, = 2.1 Hz), 51.62, 40.69 (d, Ji, = 3.7 Hz), 40.16, 28.34 (d, Jq, =6.9 
Hz), 1920, 19.01; ''P NMR (162 MHz, CDCI3) 5 27.41; HRMS calculated for CjoHu^ClNzO^P 
0^+H)* required 281.0822, found 281.0815. 

Oiaracterization of the angle diastereomer (lib) was as follows: mp 1 15-1 H^C; R, = 
0.32 (1 :2 Hexanes/EtOAc); [a]^ = -37.4 (c = 0.19, CHCI3); FTIR(neat) 1738, 1469, 1437, 1389, 
1241 (P=0)cm-'; 'HNMR(400MHz, CDCI3) 5 5.65-5.60 (m, IH), 5.55-5.50 (m, IH), 4.04-3.88 
(m, 2H), 4.02 (dd, = 1 1 .4 Hz, = H 4 Hz, IH), 3.66 (s, 3H), 3.64-3.39 (m, 3H), 227-2. 17 
(m, IH), 0.98 (d, y = 6.8 Hz, 3H), 0.92 (d, J= 6.5 Hz, 3H); »'C NMR (100 MHz. CDCI3) 5 
171.80 (d, Ji, = 7.9 Hz). 127.40, 127.22, 63.94 (d, J„ = 4.0 Bz\ 51.78, 39.77, 39.67 (d, JJ, = 
5.1 Hz). 26.72. 19.37, 19.22; ^'P NMR (162 MHz, CDCI3) 8 27.81; HRMS calculated for 
CioHijCINAP (M+H)* required 281.0822, found 281.0831. 

BL Preparation of Valine-Derived Acylcic Bis-AlfyUayphosphonamidate (10b) 

A solution of aUyl alcohol (210 mg, 3.61 mmol) and THF (1 .8 mL) was cooled in a O'C 
ice bath. Sodium bis(trimetiiylsilyl)aniide (3.5 mL of 1.0 M solution in THF) was added, and 
Ae solution was wanned to rooni t^perature and stirred for 30 minutes. In separate flask, a 
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solution of (10) (506 mg, 1 .76 mmol) and THF (1 .8 mL) was cooled in a -1 0 °C (NaCl saturated) 
ice bath. The allyloxide solution was cannulated into the solution of (10) at -lO^'C, and the 
solution was stirred for 1 hour. Hie reaction was quenched with NH4CI (aq) and concentrated 
underreduced pressure. The crude reaction mixture was partitioned between EtO Ac (25 mL) and 
water (25 mL), the layers were separated, and the aqueous layer was washed with EtO Ac (3x5 
mL). The organic layers were combined, washed with brine, dried (Na2S04), and further 
concentrated under reduced pressure. Flash chromatography (6:1 Hexanes/EtOAc, then 5:1 
Hexanes/EtOAc) afforded 401 mg (69%) of (10b) as a colorless oil. TLC = 0.46 (1:1 
Hexanes/EtOAc); [a]^ = -25.7 (c = 0.46, CHCI3); FTIR (neat) 1738, 1434, 1370, 1262 (P=0) cm" 
^; ^HNMR (400 MHz, CDCI3) 5 5.98-5.88 (m,2H), 5.84 (dddd,J= 16.8, 10.1, 6.6, 6.6 Hz, IH), 
5.36-5.31 (m, 2H), 5.23-5.20 (m, 2H), 5.14 (dd, J= 17.1, 1.2Hz, IH), 5.05 (d, J= 10.1 Hz, IH), 
4.60-4.41 (m,4H), 3.80 (dd,yHH= 11,4 Hz, Jhp= 114 Hz, IH), 3.81-3.58 (m, 2H), 3.68 (s, 3H), 
2.31-2.19 (m, IH), 1.00 (d, 7= 6.7 Hz, 3H), 0.91 (d, J= 6.5 Hz, 3H); ^^C NMR (100 MHz, 
CDCI3) 5 172.42 (d, = 3.2 Hz), 135.66, 133.08 (d, Jcp = 7.2 Hz), 133.01 (d, Jcp = 7.5 Hz), 
1 17.37, 1 17.33, 1 1 7.00, 67.01 (d, J^^ = 5.4 Hz), 66.68 (d, Jiy = 5.0 Hz), 64.85 (d, = 4.9 Hz)^ 
5 1 .23, 46.63 (d, Jcp = 3 A Hz), 27.44 (d, ^cp = 3 .4 Hz), 1 9.82, 1 9.23; ^^P NMR (1 62 MHz, CDCI3) 
5 10.95; HRMS calculated for C^^^O^V (M+H)* reqmred 332.1627, found 332.1614. 

IV, Preparation of Cyclic bis-allyloxyphosphonamidate (12) Diastereomers 

A solution of (10b) (43 mg, 0. 1 3 mmol) and CHjClj (7 mL) was purged with argon for 
10 minutes. Grubbs Catalyst 1 (3 mg, 4 )imol) was added, and the solution was brought to reflux 
and monitored by TLC. The reaction was concentrated under reduced pressure and subjected to 
flash chromatography (4: 1 , tiien2:l Hexanes/EtOAc) to afford 23 mg (59%) of one diastereomer 
(12a) and 16 mg (41%) of the odier diastereomer (12b), both as colorless oils. 

Characterization of the single diastereomer (12a) was as follows: Rf = 0.54 (1:2 
Hexanes/ElOAc);[ap =-10.7 (c=0.15,CHCl3);FTIR (neat) 1737, 1457, 1394, 1263 (P=0)cm- 
»; 'H NMR (400 MHz, CDCI3) 6 5.92 (dddd, J= 15.9, 1 0.6, 5.4, 5.4 Hz, IH), 5.79-5.75 (m, IH), 
5.63 (dddd, J= 1 1.5. 4.7, 2.2, 22 Hz, IH). 5.33 (ddd, J = 17.0, 3.0, 1.5 Hz, IH), 5.21 (dd. J= 
10.5, 1.2 Hz, IH), 4.99-4.92 (m, IH), 4.55-4.52 (m, 2H), 4.48-4.36 (m, IH), 3.88 (dd, Jhh = 9.9 
Hz, Jhp " 9.9 Hz, IH), 3.88-3.63 (m, 2H), 3.69 (s, 3H), 2.1 1-2.02 (m, IH), 1.03 (d, 7* 6.6 Hz, 
3H), 0.91 (d, J= 6.6 Hz, 3H); "C NMR (100 MHz, CDCI3) 5 172.42, 133.02 (d, J^p = 7.4 Hz), 
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128.66. 125.91, 1 1 7.23, 67.37 (d, J^, = 5.5 Hz), 64.49 (d, = 4.3 Hz). 63.81 (d, J^, = 4.8 Hz). 
5 1 .50. 40.40 (d, Jo. =3.0 Hz), 28.30 (d, Jq=5.5 Hz). 1 9.23, 1 9.09; «P NMR (1 62 MHz, CDCI3) 
5 15.04; HRMS calcsulated for CoHzjNOjP (M+H)* required 304.1314, found 304.1335. 

Characterization of the single diastereomer (12b) was as follows: Rf = 0.51 (1:2 
Hexanes/EtOAc); [o]^ = +17.5 (c = 0.04. CHCI3); FTIR (neat) 1737, 1462, 1370. 1264 (P=0) 
cm \ 'H NMR (400 MHz, CDCI3) 6 5.94 (dddd, J= 16.1. 10.6, 5.4. 5.4 Hz, IH). 5.65-5.60 (m. 
IH), 5.55 (dddd, J= 1 1.4. 4.7, 2.1, 2.1 Hz, IH), 5.34 (ddd, 7= 17.2, 3.0. 1 .4 Hz, IH). 5.22 (dd. 
J= 10.4, 1 J Hz, IH), 4.94-4.87 (m, IH), 4.59-4.55 (m.2H),4.35 (ddd, Jhh= 25.7 Hz, Jhp =16.0 
Hz, JhhS.OHz, lH),3.89(dd,JHH= 11.0 Hz, Jia,= 11.0 Hz, IH), 3.92-3.83 (m, lH),3.64(s,3H), 
3.50 (ddd, = 23.7 Hz, /gp = 17.8 Hz, = 6.2 Hz, IH), 2.24-2.13 (m, IH), 0.96 (d, J= 6.8 
Hz, 3H). 0.89 (d, J= 6.5 Hz. 3H); "C NMR (100 MHz, CDCI3) 5 172.18 (d. Jcp = 5.6 Hz), 
133.01 (d,^.=7.4Hz), 128.95, 125.37, 117.52, 67.74 (d,JcP = 5.2 Hz), 64.11 (d, /cp = 5.6 Hz), 
62.98 (d,yci.=4.6Hz), 51.60, 39.60 (d,/cp = 3.7 Hz), 26.70, 1930. 18.83; ^'P NMR (162 MHz, 
CDClj) 8 15.39; HRMS calculated for CuHaNOjP (M+H)* required 304. 13 14, found 304.1296. 
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EXAMPLE? 



Scheme G depicts the reaction schemes followed in Parts I-IQ of this sample. 



Scheme G 
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/. Preparation of Acyclic Phosphommidic CMoridate (7) 

A solution of POCI3 (165 mg, 1 .08 mmol) and CHjClj (1.4 mL) was cooled in a 0°C ice 
battt Next, EtjN (708 mg, 6.99 mmol) and DMAP (13 mg, 0.1 1 mmol) were added slowly, and 
the solution was wanned to room temperature and stirred for 1 5 minutes. Benzyl allyl amine (6) 
(325 mg, 2.21 mmol) was added, and the reaction mixture was brought to reflux and stirred 
overnight The crude reaction ndxture was partitioned between CH2CI2 (20 mL) and water (20 
mL), the layers were separated, and the aqueous layer was washed with CHjClj (3x5 mL). The 



t 
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oiganic layers were combined, wa^ed with brine, dried (Na2S04), and concentrated imder 
reduced jnessine. Flash chromatography (10:1 Hexanes/EtOAc) aflforded 332 mg (82%) of (7) 
as a yellow oH. FTTR (neat) 1641, 1242 (P=0), 735, 699 cm '; 'H NMR (400 MHz, CDCI3) 6 
7.36-726 (m, lOH), 5.82 (dddd, J= 16.7, 102, 6.5, 6.5 Hz, 2H), 525 (d, J= 10.1 Hz, 2H), 5.14 
5 (dd, /= 17.1, 1.4 Hz, 2H), 4.39 (dd, Jhh = 15.1 Hz, Ji,P = 12.1 Hz, 2H), 4.32 (dd, /hh = 152 Hz, 
Jhp= 110 Hz, 2H), 3.63-3.58 (m,4H); "CNMR(100MHz,CDCl3)5 136.37(d, Jci. = 4.4Hz), 
132.81 (d, Jcp = 2.8 Hz), 128.63, 128.57, 127.64, 1 19.56, 48.94 (d, Ji, = 4.5 Hz), 48.17 (d, Ji, 
= 3.7 Hz); ^'P NMR (162 MHz, CDCI3) 5 29.14; HRMS calculated for C20H25CIN2OP (M+H)* 
required 375.1393, fomid 375.1391. 

10 

n. Preparation of Cyclic phospbonamidic dUoridate (8a) 

A solution of compound (7) (160 mg, 0.43 mmol) and CHjClj (15 mL) was purged with 
argon for 10 minutes. Grubbs Catalyst 1 (11 mg,.13 funol) was added, and the solution was 
brought to reflux for 45 minutes and monitored by TLC. The reaction was concentrated under 

15 reduced pressure and subjected to flash chromatography (8:1 Hexanes/EtOAc, then 4:1 
Hexanes/EtOAc) to afford 147 mg (99%) of (8a) as a yellow oil. Fim (neat) 1243 (P=0), 765, 
720,697cm-'; 'HNMR(400MHz,CDCl3)5 7.38-728 (m, 10H),5.51 (dd,/=2.4,2.4Hz,2H), 
4.47 (dd, Jhh = 15.4 Hz, ^hp = 102 Hz, 2H), 4.36 (dd, Jgn = 15.4 Hz, Jgp = 102 Hz, 2H), 3.79 
(ddd, ^ = 17.9 Hz, Jhh = 17.9, 2. 1 Hz, 2H), 3.60 (ddd, = 18.5 Hz, Jhp = 16.4 Hz, Jhh = 22 

20 Hz, 2H); "C NMR (100 MHz, CDCI3) 6 137.13 (d, J^f = 5.5 Hz), 128.50. 127.95, 127.52, 
126.90, 52.29 (d, Jq. = 52 Hz), 44.8? (d, Jcp = 4.5 Hz); ^'P NMR (1 62 MHz, CDCI3) 5 32.52; 
HRMS calculated for CigH^GlNjOP (M+H)* requaed 347.1080, found 347.1098. 

IIL Preparation ofAyclic phosphonamide (8b) 

25 A solution ofMeOH(llmg, 0.35 mmol) and THF (88 fiL) was cooled in a OX ice bath. 

Sodium bis(trimethylsilyl)amide (175 |iL of 1 .0 M solution in THF) was added, and the solution 
was warmed to room teQ^>erature and stirred for 15 minutes. In a separate flask, a solution of • 
compound (8a) (60 mg, 0.17 mmol) and THF (88 pL) was cooled in a 0°C ice bath. The sodium 
medioxide solution was cannulated into the solution of compoxuid (8a) at 0 °C, and the solution 

30 was wanned to room temperature and stined for 2 hours. The crude reaction mixture was 
partitioned between EtOAc (10 mL) and water (10 mL)» tbe layers were sepamted, and the 
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aqueous layer was washed with EtOAc (3x2 mL). The oiganic layers were combined, dried 
(^32804), and concentrated underreduced pressure. Flash chromatography (3:1 Hexanes/EtOAc, 
then 1:2 Hexanes/EtOAc) afforded 58 mg (100%) of (8b) as a yellow oil. FTIR (neat) 1454, 
1358, 1231 (P=0), 761, 725, 697, 670 cm'; 'HNMR (400 MHz, CDCI3) 5 7.37-7.24 (m, lOH), 

5.50(dd,y= 2.3, 2.3Hz, 2H),4.48(dd,yHH= 15JHz,7hp=9.1 Hz,2H),4.08(dd,yHH= 15.3 Hz, 
/hp= 5.9 Hz, 2H), 3.78 (.d,J^'= 1 LO Hz, 3H), 3.60 (ddd,yHp= 17.6 Hz, Jhh= 17.6, 23 Hz, 2H), 
3.49(ddd, Jhp= 17.7 Hz, Jhh= 17.7,2.3 Hz, 2H); "CNMR(100MHz,CDCl3)8 138.82(d, Jcp 
= 4.6Hz), 128.40, 127.92, 127.36, 127. 15, 52.49 (d,ycp= 5.0 Hz), 5 1.43 (d,ycp = 4.0 Hz), 43.55 
(d, Jcp = 5.6 Hz); ^'P NMR (162 MHz, CDCI3) 8 22.99; HRMS calculated for Ci^j^N^O^P 
(M+H)* required 343.1575, found 343.1579. 
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EXAMPLES 

Scheme H depicts the reaction schemes followed in Parts I-II of this example. 
Scheme H 




15 

/. Preparation of Acyclic Leucine-Derived Phosphonamide (14) 

A solution of PCI3 (50 nL, 0.57 mmol) and EtjO (5 mL) was cooled in a -lO^^C (NaCl 
saturated) ice bath. Allylated leucine methyl ester (13) (477 mg, 2.58mmol)inEt20 (2mL) was 
added via caimulae. After addition, the solution was warmed to reflux and heated overnight The 
reaction was concentrated under reduced pressure and subjected to flash chromatography (1:1 
Hexanes/EtOAc) to afford 112 mg (47%) of (14) as a colorless oil. [a]^ = +8.9 (c = 0.12, 
CHCl3);FTIR(neat) 1740, 1436, 1369, 1219(P=<>)cm-*; 'HNMR(400MHz,CDCl3)56.99(d, 
/hp = 593.4 Hz, IH), 5.83-5.72 (m, 2H), 5.16-5.01 (m, 4H), 4.18-4.08 (m, 2H), 3.74-3.53 (m, 
4H), 3.65 (s, 3H), 3.64 (s, 3H), 1.75-1.64 (m, 6H), 0.91-0.88 (m, 12H); ^^C NMR (100 MHz, 
CDCI3) 5 173.55 (d, Jcp = 2.2 Hz), 173,44 (d, Ji, = 4.2 Hz), 135.84 (d, Ji, = 2.2 Hz), 135.47 (d, 
/cF = 2.5 Hz), 117.64, 117.06, 55.31 (d, Jq. = 4.9 Hz), 55.64 (d, /cp = 7-3 Hz), 51.82, 51.82, 
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46.91 (d, = 5.9 Hz), 45.17 (d, = 4.4 Hz), 39.91 (d, = 3.0 Hz), 37.95 (d, = 3.0 Hz). 
24;61, 24.08.22.76,22.58, 21 .84, 21.40; ''PNMR(100MHz, CDQj) 621 .92; HRMS calculated 
for CajHjgNjOjP (M+H)* required 417.2518, found 417.2525. 

II. Preparation of Cyclic Leucine-Derived Phosphonamide (15) 

A solution of compound (14) (10 1 mg, 0.24 mmol) and CI^Clj (50 mL) was purged with 
argon gas for 1 0 minutes. Grubbs Catalyst 1 (7.4 mg, 7.5 junol) was added in one portion, and 
the reaction was heated to reflux and monitored by TLC. Hie reaction was concentrated under 
reduced pressure and subjected to flash chromatography (1:1 Hexanes/EtOAc) to afford 93 mg 
(99%) of (15) as a colorless oil. [a]" = -42.8 (c = 1.55, CHCl3);FTIR (neat) 1738, 1457, 1387, 
1369. 1227(PK))cm-»; 'HNMR (400 MHz. CDCI3) 8 7.02 (d, Jap =592.1 Hz, IH), 5.54 (s, 2H), 
4.28 (ddd, = 102, J;,h= 5.9 Hz, 5.9 Hz. IH), 4.03-3.96 (m, 2H), 3.77-3.69 (m, IH). 3.65 (s, 
3H), 3.64 (s, 3H), 3.56-3.41 (m, 2H), 1.70-1.54 (m, 6H), 0.92 (d, J= 6.4 Hz, 3H), 0.90-0.87 (m, 
9H); »C NMR (100 MHz, CDCI3) 8 173.47 (d, Jcp = 2.62 Hz), 172.90, 128.10. 127.79. 56.35 
(d, Ja = 9.0 Hz). 56.16 (d, J^^ = 6S Hz), 52.09. 52.02, 40.17 (d, = 3.5 Hz). 40.04 (d, = 
5.2 Hz), 39.23 (d, Jcp = 5.4 Hz), 38.20 (d, Ji, = 3.3 Hz), 24.59, 24.55, 23.30, 22.96. 2 1 .81, 21 .38; 

NMR (162 MHz, CDCI3) 8 24.79; HRMS calculated for C,gH34N20iP (M+H)* required 
389.2205, found 389.2206. 

EXAMPLE 9 

Scheme I depicts the reaction sch^nes followed in Parts I-m of this example. 
Scheme I 
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/ Preparation ofPhenylalanine-Derived Vinyl Phosphorumddic MonocMoridate (16a) 

A solution of vinyiphosphonic dichloride (345 mg, 238 nunol) and CH2CI2 ( 1 0 mL) was 
cooledina-lOXCNaCl saturated)icebatb. Next, EtjN (827 ^iL, 5.95 mmol) was added slowly, 
followed by the addition of allylated phemialanine me%l ester (16) (471 mg, 2. 14 mmol), and 
the mixture was wamied to reflux. The reaction was concentrated under reduced pressure and 
subjected to flash chromatography (2:1 Hexanes/EtOAc) to afford 703 nig (99%) of (16a) as a 
mixture of inseparable diastereomers as a colorless oil. FTER. (neat) 1741, 1437, 1397, 1240 
(P=0), 751, 701 cm-«; 'HNMR (400 MHz, CDCI3) 6 7.30-7.19 (m, 1 OH), 6.27-5.89 (m, 6H), 
5.63 (dddd. J= 17.0, 10.1, 6.3, 6.3 Hz, IH), 5.57 (dddd, J= 16.9, 10.1. 6.6, 6.6 Hz, IH), 5.19- 
5. 1 1 (m, 4H), 4.66 (ddd, Jhh = 15.1 Hz, Jhp = 9.6 Hz, Jga 6-2 Hz, IH). 4.49 (ddd, = 15.9 Hz, 
Jhp = 9.8 Hz, = 6.1 Hz, IH), 3.70 (s, 3H), 3.70 (s, 3H), 3.67-3.44 (m, 4H), 3.38 (ddd, = 
14.7, 6.0 Hz, Jhp = 6.0 Hz, 2H), 3.13 (m, 2H); '^CMMR (100 MHz. CDCI3) 5 171 .63, 171 .43 (d, 
JcP=5,3 Hz), 136.98, 136.96, 134.45, 134.29. 133.44 (d, Ji, = 4.4 Hz), 133.37 (d,Ji,=2.9 Hz), 
130.44 (d,Jc, = 159.3 Hz). 130.41 (d, Jcp= 158.6 Hz), 129.32, 129.17, 128.39, 128.36, 126.71, 
126.64, 118.87. 118.87. 59.46 (d, J^^ = 1.9 Hz), 58.46, 52.14, 52.14, 48.19 (d, J„ = 5.0 Hz), 
47.50 (d, Jo. = 5.2 Hz), 35.88, 35.75 (d, Jcp = 4.2 Hz); ''P NMR (162 MHz, CDCI3) 5 37.78, 
36.95; HRMS calculated for CuHmCINOjP (M+H)* required 328.0869, found 328.0868. 



IL Preparation of Cyclic Phosphonanddic Momchloridates (1 7a) 

A solution of compound (16) (21 1 mg, 0.64 mmoO and CHjClj (20 mL) was purged with 
argongasforlOminutes. GrubbsC^ystl(1.6mg, 1 92 pmol) was added and flie reaction was 
heated to reflux and monitored by TLC. The reaction was concentrated under reduced pressure 
and subjected to flash duomatography (2:1 Hexanes/EtOAc) to afford 187 mg (98%) of (17a) 
as a separable mixture of two diastereomers (17a, and 178,). both as colorless oils. 

Characterization of the isolated diasta:eomer (17a|) was as foUows: = 0.30 (1:1 
Hexanes/EtOAc); [a]^ = +13.4;(c=0.15,CHCl3); FTER. (neat) 1736, 1455, 1385, 1253 (P=0), 
750, 692 cm-«; 'H NMR (400 MHz, CDCl,) 6 730:7.21 (m, 5H), 7.08 (dddd, = 50.0, - 
8.8. 1.9, 1.9 Hz, IH), 6.29 (dddd,yHp=35.0 Hz, Jhh=8-8,2.1,2.1 Hz, lH),4J8(ddd,yHH=7-7, 
7.7 Hz, J^Hp = 7.7 Hz, IH), 334 (ddd, = 17.6, 2.0 Hz, = 2.0 Hz, IH), 3.98 (dddd, = 
17.8, 15.7, 2.2 Hz; = 22 Hz, IH), 334 (s, 3H), 330 (dd, y« 14.0, 8.1 Hz, IH), 3.09 (dd. J 
= 14.0, 7.7 Hz, IH); "C NMR (100 MHz, CDCI3) 5 17135 (d, = 4.0 Hz), 145.69 (d, Jj, = 
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16.8 Hz), 135.34, 128.68, 128.59, 127.09, 121.54 (d, = 148.8 Hz), 54.67 (d, J^, = 4.4 Hz). 
52.06, 4830 (d. Jcp = 30.8 Hz). 36.81 (d, = 4.6 Hz); NMR (162 MHz, CDCI3) 8 42.60; 
HRMS calculated for CuHjsClNOjP (M+H)* required 300.0556, found 300.0583. 

Characterization of the isolated diastoreomer (ITaj) was as follows: Rj = 0.17 (1:1 
Hexanes/EtOAc); [a]^ = -10.4; (c = 0.08, CHCI3); FITR (neat) 1743, 1455, 1387, 1249 (P=0), 
751 , 700 cm'; 'H NMR (400 MHz, CDCI3) 8 732-722 (m, 5H), 7. 1 0 (dddd, Jap = 5 1 .6 Hz, Jhh 
= 8.7, 1.9, 1.9 Hz, IH), 632 (dddd, Jhp = 35.7 Hz, = 8-8. 2.1, 2.1 Hz, IH), 4.53. (ddd, = 
8.0, 8.0 Hz, Jhp = 8.0 Hz, IH), 4.30 (dddd, J„„= 17.4, 12.9, 2.2 Hz, Jhp =2.2 Hz, IH), 3.97 (dd, 
17.5, 2.0 Hz, IH), 3.67 (s, 3H), 335 (dd, J= 13.8, 7.4 Hz, IH). 3.09 (dd, J= 13.8, 8.2 Hz, 
IH); "C NMR (100 MHz, CDClj) 8 171.00 (d, Jcp = 4.4 HzX 145.50 (d, J^, = 16.6 Hz), 136.1 1, 
128.94, 128.66, 127.09, 121.92(d, Jcp=148.9Hz),56.24(d,ya. = 4.7Hz),5231.48.88(d,ycp 
= 3 1.2 Hz), 36.55 (d, Jcg = 2.3 Hz); ^'P NMR (1 62 MHz, CDCI3) 8 44.00; HRMS calculated for 
CjaHijCINOaP (M+H)* required 300.0556, found 300.0569. 

in. Preparation of Cyclic Phosphonamidate (17b) 

A solution of compound (17a) (108 mg, 0.36 mmol) and CH2CI2 (3 mL) was cooled in 
a O'C ice baft. Next, EtjN (120 jiL, 0.90 nunol) and DMAP (4.4 mg, 0.036 mmol) were added, 
followed by MeOH (36 jiL, 0.90 mol). The reaction was wamied to room temperature and 
monitored by TLC. Thereactionwasconcentratedunderreducedpressureandsubjectedto flash 
chromatogr^hy (1 : 1 Hexanes/EtOAc) to afford 105 mg (99%) of (17b) as a sqjaiable mixture 
of two diasteieomers (17bi and 17b}) as colorless oils. 

Characterization of fiie isolated diastoeomer (17b,) was as follows: Rf = 0.56 (EtOAc); 
[a]^ = +118.5; (c = 0.29, CHCIj); FITR (neat) 1740, 1455, 1385, 1347, 1228 (P=0), 751, 701 
cm'; •HNMR(400 MHz, CDCI3) 8 7.28-7.18 (m, 5H), 7.02 (dddd, Jhp =43.0 Hz, 7hh= 9-0,2.0, 
2.0 Hz, IH), 6.00 (dddd, 7hp= 29.8 Hz, Jhh= 9.0. 2.1, 2.1 Hz, IH), 4.36 (ddd, = 8.8 Hz, Jhh 
= 7.0, 7.0 Hz, IH), 4.10-4.03 (m, IH), 3.87 (dddd, = 17.3, 6.2, 2.2 Hz. = 2.2 Hz, IH), 
3.59 (s, 3H), 3.50 (d, = 133 Hz, 3H), 3.27 (dd, J= 13.7, 9.1 Hz, IH), 3.05 (dd, J= 13.7, 6.6 
Hz, IH); "C NMR (100 MHz, CDCI3) 8 171.95 (d, Jcp = 3.2 Hz), 146.10 (d, J^g = 15.6 Hz), 
136.12, 128.84, 128.42, 126.79, 1 17.49 (d, = 159.2 Hz), 5538 (d, J^, = 4.8 Hz), 52.89 (d, 
Jcp = 6.5 Hz), 51.76, 48.12 (d, = 29.0 Hz), 36.88 (d, = 2.4 Hz); ^'P NMR (162 MHz, 
CDCI3) 841 .20; HRMS calculated for C,4H,^03P (M+H)* required 296.1052. found296.1057. 
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Characterization of the isolated diastereomer (ITbj) was as follows: Rf = 0.30 (EtOAc); 
-96.6; (c= 0.47, CHCl3);FnR (neat) 1743, 1456, 1387, 1347, 1232 (P=0). 751, 702 cm'; 
'H NMR (400 MHz, CDG,) 8 727-7.16 (m, 5H), 7.00 (dd, = 43.0 liz,J^= 8.9 Hz, IH), 
5.94 (dddd, Jhp = 29.6 Hz,Jj^ = 8.8, 2.0, 2.0 Hz. IH), 4.31 (dd4 Jhp = 10.1 Hz, Jhh = 6.4, 6.4 
Hz, IH), 4.13 (dddd, Jhh = 17.0, 4.1, 2.0 m,J^ = 2.0 Hz, IH), 3.80 (dddd, 17.0, 5.3, 22 
Hz, Jhp = 2.2 Hz, IH), 3.66(3, 3H), 3.29 (dd,y= 14.0,5.4 Hz, IH), 3.01 (dd,J= 13.9, 10.2 Hz, 
IH). 2.93 (d. = 12.4 Hz, 3H); "C NMR (100 MHz. CDCI3) 5 171.84, 146J0 (d, Jcp = 15.« 
Hz), 137.08, 128.78. 128.56, 126.83, 117.64 (d.7cp= 158.0 HzX 56.72 (d,Ja,= 4.4 Hz), 52.14 
(d, Ji, = 6.5 Hz), 52.08. 48.55 (d, = 28.5 Hz). 36.66 (d. Ji, = 3.9 Hz); ^'P NMR (162 MHz; 
CDCI3) 5 41.91; HRMS calculated for CmH.^OjP (M+H)* required 296. 1052, found 296.1062. 



EXAMPLE 10 

Scheme J depicts the reaction schemes followed in Parts I-II of this example. 
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/. Preparation of Acyclic Valine-Derived, Phosphorus-Containing Cornpound (19) 

A solution of phenyl dichloiophosphate (49 mg, 023 mmol) and CHjCl^ (0.75 mL) was 
cooled in a OX ice bath. Nejct, EtjN (186 mg, 1.84 mmol) and DMAP (3 mg, 25 funol) were 
added slowly, and the solution was wanned to room temperature and stirred for 15 minutes. 
Valine-dtaived allyhc ammonium salt (18) (68 mg, 0.50 mmol) was added, and the solution was 
stirred at room temperature for 2 hours, tiien brought to reflux for 90 minutes. The solvent was 
removed under reduced pressure, and the crude product was partitioned between EtOAc (10 mL) 
and water (10 mL). The layers woe sq>arated, and the aqueous layer was washed with EtOAc 
(3x2 mL). The organic layers woe combined, dried (NajSO^), and further concentrated under 
reduced pressure. Flash chromatography (2: 1 Hexanes/OStOAc) afforded 76 mg (99%) of (19) as 
a white foam, [of = +28.3 (c = 0.12, CHCI3); FTIR (neat) 1645, 1219 (P=0), 771, 690 cm 
'H NMR (400 MHz, CDCI3) 5 7.3 1-7.22 (m, 4H), 7.09 (t, J = 73 Hz. IH), 5.77 (ddd, J= 1 6.9, 
10.4,6.4 Hz, IH), 5.77 (ddd, J= 16.9, 10.4, 6.4Hz, lH).5.19(d,y= 17.1 Hz, lH),5.19(d, J= 

17.1 Hz, lH),5.15-5.12(m,2H),3.70-3.59(m,2H),2.70(dd,yHH= 10.2 Hz, Jhp= 102 Hz, IH), 
2.66 (dd, Jhh = 1 0.4 Hz, J„p = 1 0.4 Hz, IH), 1 .84-1 .72 (m, 2H), 0.88 (d, J= 6.9 Hz, 3H), 0.87 (d, 
7= 6.6 Hz, 3H), 0.86 (d, J= 7.0 Hz, 3H), 0.86 (d, J= 6.5 Hz, 3H); "C NMR (100 MHz, CDCI3) 
5 151.69 (d, Ja = 6.3 Hz), 138.65 (d. = 3.4 Hz), 138.47 (d, = 3.5 Hz), 129.40, 123.99, 
120.28 (d, = 5.1 Hz), 115.49, 115.45, 59.69, 5938, 33.41 (d, Jcp = 13 HzX 3335 (d, = 
2.1 Hz), 18.26, 18.12, 18.09, 18.02;^'PNMR(162 MHz, CDCl3)510.26;HRMS calculated for 
CigHjoNjOjP (M+H)* required 337.2045, found 3372052. 

U. Valine-Derived P-Heterocycle (20) 

A solutionof compound (19) (143 mg, 0.43 mmol) and CR^d^ (14 mL) was purged with 
argon for 1 0 minutes. The solution was brought to reflux, and tiie Grubbs Catalyst 1 was added 
in three 5 mol% portions (1 7 mg, 21 pmol) over a 20-hour period. After 48 hours, tiie reaction 
was concentrated under reduced pressure and subjected to flash cbromatogi^hy (2:1 
Hexanes/EtOAc, then 1:2 Hexanes/EtOAc) to afford 47 mg (33%) of (19) and 61 njg (47%) of 
(20) as a white foam. An altonative iq)proach using the Grubbs Catalyst 3 is as follows: A 
sohjtion of compound (19) {62 mg, 18.4 junol) and d^sed CH2CI2 (600 jiL, CH2CI2 was 
degassed by passing through a ftitted filter under vacuum) was prqjared. Grubbs Catalyst 3 (0.8 
mg, 0.92 ^mol) was added, and the solution was brought to reflux for 90 minutes and monitored 
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by TLC. The reaction was concentrated under reduced pressure and subjected to flash 
diromatogr^y (2: 1 Hexanes/EtOAc, then 1 2 Hexanes/EtOAc) to afford 5 .0 mg (88%) of (20) 
as a white foam. (0]^ - -2Z5 (c = 0.08. CHCy; FITR (neat) 1 593, 1224 (P=0), 769, 691 cm '; 
•H NMR (400 MHz, CDQj) 8 733-722 (m, 4H), 7:13 (t, 7= 7.5 Hz, IH), 5.58-5.51 (m, 2H), 
4.06 (ddd, /hp = 11 .2 Hz, Jhh = 7.2, 3.7 Hz, IH), 3.87 (ddd, = 1 1 -4, = 7.6, 3.9 Hz, IH), 
3.00(dd, Jhh=8-3,Jhp = 8.3 Hz, lH),2.86(dd,J;,H=62,JHP = 6.2Hz, IH), 1.94-1.86 (m. IH), 
1.86-1.77 (m, IH), 1.01 (d, J= 6.8 Hz, 3H), 0.96 (d, J= 6.9 Hz, 3H), 0.89 (d, 7= 6.1 Hz, 3H), 
0.87(d, J=6.5Hz,3H); "CNMR(100MHz,CDCl3)8 1 50.94 (d,ycp= 6.4 Hz), 133.06, 132.31, 
129.49, 124.41, 120.58 (d, Ji, = 4.6 Hz), 54.86, 54.01 (d, Ji, = 1 -8 Hz), 33.41 {d,J„ = 12.3 Hz), 
33.17 (d, = 11.5 Hz), 18.78, 18.29, 17.55. 17.04; ^'P NMR (162 MHz, CDCis) 5 16.42; 
HRMS calculated for C^^^^O^ (M+H)* required 309.1732, found 309.1731. 



EXAMPLE 11 

The inhitrition of Herpes Sinq>lex Virus Protease by three diJEferent compounds was 
determined according to the procedure described by Waxman et al.. Antiviral Chemistry and 
Chemothercgxy, 1 1 :l-22 (1999); Qiu et al.. Proteases of Irtfectious Agents, Academic Press. 93- 
1 15 (1999); and U.S. Patent NO. 6,008,033, each incorporated by reference hst&n. 

The compounds tested are shown in Schemes K, L, M. N, and O with the concentrations 
of each of the compounds being 200 (imolar. 

Scheme K 




H3COOC 




Scheme L 
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Scheme M 



OMe 



Scheme N 




Scheme O 



Ph^ N N Ph 



The Scheme K coiiq)Oiind resulted in a 25.5% inhibition of the protease. ITie Scheme L 
compound resulted in a 34,7% inhibition of the protease. Finally, the Scheme M compound 
resulted in a 33.5% inhibition of the protease, the Scheme N compound resulted in a 44.4% 
inhibition of the protease, and the Scheme O compound resulted in a 44.7% inhibition of the 
protease. 
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EXAMPLE 12 

The inhibition of HIV protease by the compounds shown in Scheme N (99 |imolar) and 
Scheme O (99 pmolar) was detennined following the procedure described by Maschera et al.. 
Human Immunodeficiency Virus: Mutations in flie Viral Protease that Confer Resistance to 
Saquinavir Increase the Dissociation Rate Constant for the Protease-Saquinavir Complex, J. Biol 
ChertL, 271 :3323 1-35 (1996), incorporated by reference herein. 

The compound of Scheme N resulted m a 23% inhibition of the protease, while the 
compound of Scheme O resulted in a 36% inhibition. 

EXAMPLE 13 

The inhibition of human cathepsin K by the compound shown in Scheme N ( 1 06 fmiolar) 
was determined- The peptides utilized were chromophoric 2rPhe-Arg-pNA*HCl and fluorogenic 
Z-Phe-Arg-AMC (each available firom BACHEM Bioscience, Inc.). Stock solutions were 
prepared with 100% dimethylsulfoxide (DMSO) and stored at -20 *C. 

The final assay conditions were 100 mMNaOAc, pH of 5.5, 10 mM (R,R)-dithiothreitol 
(DTT), 10% DMSO, 120 mMNaCI, 10 |imolar of the peptide, and 12.5-0.012 timolar inhibitor 
in twofold serial dilutions fi-om 20X stocks in 100% DMSO. The enzyme working solution was 
a 1:3000 dilution of 8.75 mM human cathepsin K into 100 mM of NaOAc, pH of 5.5, 10 mM 
DTT, 1.2MNaCl. 

Serial dilutions were performed in 1 00% DMSO. Columns 2-12 of an intermediate plate 
were fiilled with 100 ml/well of 100% DMSO and column 1 was filled with 195 mL/well, Next, 
5 mL of a 10 mM solution was added to column L A twofold serial dilution was prepared in 
columns 1-11 of the intermediate plate by sequaitial transfer of 100 mL of the contents of each 
well in a column to the corre^nding well of the next colunm, with mixing between each 
transfer. Samples of 1 1 .7 mL from each well of the intermediate plate were transferred to 
another intermediate plate and 200 mL of apeptide buffer (105 mMNaOAc, pH of 5.5, 1 0.5 mM 
DTT, 5.8% DMSO, 12 mM peptide) was added. Samples (20 jiL) of enzyme working solution 

• • 

were placed m each well of an empty assay plate, and 1 80 nL/well of the test compound-peptide 
mixture was added to the enzyme to initial the assay. The fluorescence was monitored every 6 
minutes for 72 minutes using a CytoFluor Series 4000 PerSeptive Biosystems multi-well 
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fluorescence plate readerwith the foUowing settings: gain=50;20reads/weU;32''C; lex=36Ot20 
nm; and lenF=440±20 nm. 

The compound resulted in a 34% inhibition of human cathepsin K. 
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We Qaim: 

1 . A compouiui according to a fonnula selected fix)m the gjroup consisting of 



10 



15 



25 




ROjC^N'^^N^COjR RO2C N' ^n'^COiR 





MeO-,C 



X X 



, O OPh 

R' O R 

A HN NH 
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X X 



O OPh 
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^Pv. 
HN NH 
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t 




X X 




wherein: 

each X is individually selected from the group consisting of oxygen, -NH, and 
-NOR; 

each R is individually selected from the gtoip consisting of hydrogen, branched 
and unbranched all^l grotqis, branched and unfaranched alkenyl groups, 
branched and unbranched alkynyl groups, allyl groiq)s, aryl groups, acyl 
groins, 2-15 mer peptides, and benzyl groups; and 

each R* is individually selected from the group consisting of hydrogen, amino 
acid side chains, and 2-1 5 mer peptides. 
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2. The compound of claim 1 , wherein at least one comprises an amino acid side 
chain selected from the group consisting of 



I 

CH, 



I 

CHj 
. I 
S 
I 

CH3 



'vn/v. 
I 

CH, 
I 

C=0 
I . 

NHR^ : 



I 

CH, 
I 

C=::0 
I , 



I 

CH2 
SR^ 



I 

CH2 

or2 



I 

CH-OR? 
I 



I 

CH, 
I 

C=0 
I , 



I 

CHj 

CH, 
I 

c=o 

NHR^ 




I 

CHj 

CH-OHj 
I 

CE^ 



I 

CH-Ot 
I 



I 

CHj 

CH, 
I 

CH, 
NHR^, 



I 

CH, 
I 

CH, 
I 

CH, 
I 

NH 
I 

C=NH 
I 

NHz 





OR 



2 , and 




wherein each R^ is individually selected from tte group consisting of hydrogen, branched and 
unbranched allqrl groi5>s, branched and unbranched alkenyl groins, branched and unbranched 
alkynyl groups, allyl groups, acyl groiqjs, aiyl groups, and ben2yl groups. 
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3. The compoimd of claim 1, \^erein said foimula is selected fiom the gmap 
consisting of 

BnO (^^ ^ OBn 



15 
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jQ MeOjC N N COiMe 
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4. A method of forming a phosphonamide compound comprising the step of reacting 
a phosphonamide comprising an opened-ring structure with a ring-closing catalyst to yield a 
closed-ring phosphonamide compound. 

5. The method of claim 4, wherein said closed-ring phosphonamide compound is 
selected fiom the group consisting of 




» 



wherein: 

each X is individually selected from the ffoup consisting of oxygen, -NH, and « 
NOR; 

each R is individually selected fix>m the group consisting of hydrogen, branched 
and tmbranched alkyl groups, branched and unbranched alkenyl groups, 
branched and unbranched alkynyl groups, allyl groups, aryl groups, acyl 
groups, 2-1 5 mer peptides, and benzyl groups; and 

each R^ is individually selected from the group consisting of hydrogen, amino 
acid side chains, and 2-15 mer peptides. 
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6. The method of claim 4, wherein said catalyst is a Grubbs catalyst selected fix)m 
the group consisting of 



ci 

a- 



I 



Ph 



CI 

a- 




,and 




7. The me&od of claim 6, wherein said Grubbs catalyst is 



CI I 
CI , 

PCya . 



8 . The method of claim 4, herein said opened-iing structure compiises an allyiated 
phosphonamide. 
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9. The method of claim 8, wfa^in said allylated phosphonamide is selected Scorn 
the groiq) consisting of 



5 



10 




» 
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10. The method of claim 5, wherein at least one R' comprises an amino acid side 
chain selected from the group consisting of 



I 
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CH2 

CH2 
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I 
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I and 




wherein each is individually selected jfrom the group consisting of hydrogen, branched and 
unbranched alkyl groups, branched and unbranched alkenyl groups, branched and unbranched 
alkynyl groups, allyl groups, acyl groups, aryl groups, and hwzyi groups. 



1 1 . The method of claim 4, v^erein said reacting step is carried out at a temperature 
of from about 15-80*'C. 



12. The mediod of claim 4, wherein said reacting step is carried out in a solvent 
system comprising a solvent selected from the group consisting of toluene, benzme, chloroben- 
zene, dichlorobenzene, methylene chloride, dimethoxyethane, and mixtures thereof. 
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1 3 . The method of claim 4, wherein said reacting step results in a closed-ring structure 
yield of at least about 80%. 

14. A method of forming a cyclic phosphonamide comprising the steps of: 
providing a template compound comprising two secondary amines, with flie 

nitrogen atoms of each of said amines being bonded to an alkyi chain 
comprising at least two carbon atoms; and 
reacting said template compoimd with a phosphorus (JH) compound under 
conditions to cause the phosphorus atom of said phosphorus QH) 
compound to bond with eadi of the nitrogen atoms of the template 
compotmd so as to yield the cyclic phosphonamide. 

15. The method of claim 1 4, wherein said phosphorus (m) compound comprises the 
formula R^P Y2, wherein: 

is selected firom the group consisting of hydrogen, branched and unbranched 
alkyl groups, branched and unbranched alkenyl groups, branched and 
unbranched alkynyi groups, allyl groups, aiyl groups, phenyl groups, and 
benzyl groups; and 
each Y is individiially selected from the group consisting of the halogens. 

1 6. The method of claim 1 4, wherein said phosphorus (QI) compound comprises the 
formula PhPClj. 
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17. Tbe method of claim 14, v^ereio said teaspla^ compound is accoiding to a 
fomiula selected fiom the group consisting of 



.R 




R' 

R^NH HN-^R "^^"nH HN , 

9 

RO^C^NH HN^CO^R ^^^^ P CO^R 

.and XX 



wherein: 

each X is individually selected from the group consisting of oxygen, -NH, and 
-NOR; 

each R is individually selected from the group consisting of 2-15 mer peptides, 
hydrogen, branched and unhranched alkyl groups, branched and un- 
branched alkeny! groins, branched and unbranched aUgnyl groups, allyl 
groiq>s, acyl groiq^s, aiyl groiqis, and benzyl groups; and 

each is individually selected from the group consisting of hydrogen, amino 
acid side chains, and 2-15 mer peptides. 
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18. The method of claim 17, \^e]:em said template compound is according to 
fonnula selected fiom the groitp consisting of 
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19. The method of claim 14, wherein said cyclic phosphonamide is according to a 
fomiula selected fix>m the groiq> consisting of 




X X 



wherein: 

each X is individually selected fi:om the group consisting of oxygen, *NH, and - 
NOR; 

each R is individually selected from the group consisting of hydrogen, branched 
and unbranched alkyl groups, branched and unbranched alkenyl groups, 
branched and unbranched alkynyl groups, allyl groups, acyl groups, aryl 
groiqps, 2-15 mer peptides, and boizyi groups; and 

each R^ is individually selected from the group consisting of hydrogen, amino 
acid side cluuns, and 2-15 mer peptides. 



wo 02/14344 



PCT/USOl/41606 



52 

20. The method of claim 19, wherein said cyclic phosphonamide is according to a 
formula selected from the groiq> consisting of 




21. The method of claim 14, wherein said reacting step is carried out at a temperature 
offtom about -10-25 °C. 

22. The method of claim 14, wherein said reacting step is carried out in a solvent 
system comprising a solvent selected fiom the group consisting of methylene chloride, 
acetonitrile, diethyl ether, and mixtures theieo£ 

23. The method of claim 14, ^n^berem said reacting step results in a closed-ring 
structure yield of at least about 80%. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid Intellectual Property Oi^aaizatioD 
Internationa] Bureau 

(43) International Publication Date 
21 February 2002 (21.02^002) 




II 



miiiiiDiiiniani 



PCX 



(10) International Publication Number 

wo 02/14344 A2 



(51) loteroatioaal Pateot Classification^: C07K 

(21) Intematiooal AppUcation Number: PCr/US0y41606 

(22) IntematioDal Filing Date: 6 August 2001 (06.08.2001) 

{25^ Filing Language: English 

(2Q Publication Language: English 

(30) Priority Data: 

09/639.051 15 August 2000 (15.08.2000) US 

(71) Applicant: THE UNIVERSITY OF KANSAS [US/US]; 
Snong HalK Lawrence. KS 66045 (US). 

(72) Inventors: HANSON, Paul, R.; 1929 New Hamp- 
shire, Lawrence. KS 66046 (US). SPROTT, Kevin, X; 
5207 Concessional Place, Lawrence, KS 66049 (US). 
MCREYNOLDS» Matthew, D.; 26 Stonffer Place. Apt 
6, Lawrence. KS 66044 (US). 

(74) Agent: BORNMAN, 'H^acy, L.; Hovey, Williams. Tim- 
mons & Collins, Suite 400, 2405 Grand Boulevani, Kansas 
City, MO 64108 (US). 



(81) Designated Slates (naiional): AE, AG, AL. AM. AT» AU, 
AZ. BA, BB, BG. BR, BY, BZ. CA, CH, CN, CO, CR, CU. 
CZ, DE, DK, DM. DZ, EE. ES. H. GB. GD. GE. GH, GM, 
HR, HU. ID. IL. IN. IS, JP, KE, KG. KP, KR, KZ. LC LK, 
LR, LS. LT, LU. LV, MA, MD. MG, MK. MN. MW. MX. 
MZ. NO, NZ. PL. FT, RO. RU. SD. SE, SG, SI. SK, SL. 
TJ. TM. TR. rr, TZ. UA. UG, UZ, VN. YU. ZA. ZW. 

(84) Designated States (regional): ARIPO patent (GH. GM. 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM). European 
patent (AT, BE, CH, CY, DE, DK, ES. FI, FR, GB. GR. IE, 
rr. LU, MC, NL, PT, SE. TRX OAPI patent (BF, BJ. CF. 
CG, CI. CM, G A. GN. GQ. GW. ML. MR. NE; SN. TD, 
TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Ablvreviations ** appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 





(54) Title: AMINO ACID-DERIVED CYCLIC PHOSPHONAMIDES AND METHODS OF SYNTHESIZING THE SAME 

^ (57) Abstract: New phoq>honan]ide compounds and mediods of fonning those compounds are provided. In one embodiment, the 
iiwentive methods comprise subjecting an opened-ring phosphonamide template to a ring-closing metathesis reaction in the presence 
of a ring -closing catalyst (e.g., a Grubbs catalyst) to yield a phosphonamide. In another embodimoit, the inventive methods comprise 

Q reacting a template structure with a phosphorus (IB) compound to yield the phosphonamide. Advantageously, in either embodiment, 

^ the template structures can be provided with a wide array of functional groups (e.g.. amino acid side chains, peptides) chosen to 

1^ provide particular properties to the compound. 



